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Abstract.  Three  exper iments  investigated the use o f  lexical stress in audi tory  word rec­
ognition.  Speech voicing con t inua  were created in which lexical status resulted in one e n d ­
point  const i tut ing a real word and the o ther  end a nonw ord  (e.g. d iG R E S S - t iG R E S S ,  in 
which digress  is a real word, and  Dlgress-TIgress,  in which tigress is a real word).  Subjects '  
identif ication o f  the initial segment  of  these items was biased in the midrange  o f  the co n ­
t inua in that  they were more likely to report  a segment that  resulted in a real word than one 
that  resulted in a nonword .  Alternative acoustically based explanat ions  are d iscounted  in 
favor o f  a lexically based account  of  the data.  Possible mechanisms underlying the effect 
o f  lexical stress on speech percept ion are discussed.
In o rder  to com p reh en d  a spoken  ut ter­
ance,  one o f  the tasks a l istener must pe r ­
form is the identif icat ion o f  the words in 
the utterance.  The phonet ic  information 
available in spoken  words is both segmental  
and  suprasegmental .  While segmental  var ia­
tion across words is language-universal ,  
languages differ in whether  and  how they 
use suprasegmenta l  variat ion to dist inguish 
words from one another .  The present  s tud ­
ies concern one variety o f  lexically signifi­
cant suprasegmenta l  variat ion,  namely lexi­
cal stress: the pat tern of  strong and  weak 
syllables associated with a w o rd ’s canonical  
p ronuncia t ion .  In lexical stress languages 
such as English, stress does not occur  in 
fixed posit ion with respect to word b o u n d ­
aries, and  hence is potential ly available to 
dist inguish between words, even between 
words whose p ronuncia t ion  is otherwise 
(i.e. in the segmental  dom ain)  identical.  
Moreover,  evidence from tip o f  the tongue 
experiences suggests that canonical  lexical 
stress patterns form part o f  the lexical rep­
resentations of  words independen t  from the 
segmental  representat ion.  Speakers  are of­
ten able to guess the stress pat tern o f  a ta r ­
get item they are unable  to retrieve [Brown 
and  McNeil l ,  1966].
What  has been more difficult to d e m o n ­
strate is a role for lexical stress during a u d i ­
tory word recognit ion and  recent studies 
have p roduced  a conflicting pat tern of  re­
sults. Cutler  [1986] has reported evidence
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that  lexical stress does not contr ibu te  to 
early deact ivat ion of  an inconsistent  lexical 
entry. Using a cross-modal  pr iming task. 
Cut le r  [1986] found  that  pairs o f  words with 
segmental ly identical but suprasegmenta l ly  
dist inct  p ronuncia t ions  (such as F O R bear  
and  fo rB E A R )  show the priming pat terns 
characteris t ic  o f  h o m o p h o n e s  -  p resen ta ­
tion o f  either results in both lexical repre­
sentat ions being activated. This suggests 
that  initial act ivation of  a lexical rep resen­
tat ion is based on segmental  informat ion  
alone. Similarly, Cut ler  and  Clif ton [1984] 
found  that  prior  knowledge o f  stress pat tern 
did not facilitate lexical ident if icat ion;  nor  
did conformity  to canonical  noun-verb  
stress pat terns facilitate grammatica l  class 
judgem ents .  This pat tern o f  results suggests 
that  stress information is not used to restrict 
the set o f  potential  word candida tes  and 
thereby speed word recognit ion.  While 
preknowledge  o f  lexical stress information 
does not facilitate word recognit ion,  mis- 
stressing o f  words can significantly delay 
recognit ion [Cutler and Clifton,  1984]. Simi­
lar results have been reported by Bond and 
Small [1983] and Slowiaczek [1986]. This 
strongly suggests that  stress pat terns are in­
deed  known to listeners, and  are part  o f  the 
lexical representat ion accessed in word rec­
ognition.  A mismatch between stored and 
perceived informat ion may inhibit  re­
sponses in word recognit ion tasks.
The research reported  here uses a p a ra ­
digm developed by G a n o n g  [1980; see also 
C onn ine  and Clifton, 1987] to investigate 
the role of  lexical stress in de termining  the 
identity of  a word. G a n o n g  [1980] presented 
listeners with synthesized stimuli from two 
types o f  voicing series (dash-tash,  dask- 
task). In one series, the voiced endpo in t  
formed a word (e.g. dash- tash);  in a second
series (e.g. dask-task)  the voiceless e n d ­
point  formed a word. Listeners tended  to 
label stimuli in the midrange  o f  the c o n ­
t inua such that  a word was formed. In the 
exper iments  reported  here, this parad igm  is 
utilized to de termine  w hether  lexical stress 
can similarly be used as a source  o f  infor­
mation to establish that  a phone t ic  se­
quence  is a real word and  thus to influence 
identif icat ion o f  speech.
The logic is very similar to G a n o n g 's  ex­
cept that lexical status is de te rm ined  by the 
lexical stress pat tern o f  the sequence.  In ex­
periment  1, two words were selected that 
differed phonemica l ly  only in the voicing 
feature o f  the initial s top consonan t  ( / d /  vs. 
/ t / )  and  in terms of  their  canonical  stress 
pat tern:  d iG R E S S  and  Tigress  (strong 
syllables are indicated by capital  letters). 
We synthesized two voicing cont inua ,  
d iG R E S S - t iG R E S S  and  DIgress-TIgress,  
that differed from one ano the r  only in their 
stress pattern.  In one series, d iG R E SS-  
t iGRESS,  the voiced endp o in t  formed a 
word ;  conversely, in DIgress-TIgress,  the 
voiceless endpo in t  formed a word. If lexical 
stress in format ion  is act ivated in lexical 
access and  if (following G anong)  l isteners’ 
identif icat ions of  individual  segments are 
biased by the lexical status of  the items co n ­
taining them, then we expect  that  the 
d iG R E S S - t iG R E S S  con t inuum ,  in which 
the / d /  endpo in t  is a word,  would result in 
more / d /  responses than the DIgress-TIgress 
cont inuum.
One addi t ional  considera t ion  is relevant. 
Acoustically,  stress is typically signalled in 
the waveform by a complex pat tern o f  in­
formation that  includes dura t ion ,  intensity 
and  fundam enta l  f requency [Gay, 1978]. 
Stressed syllables are typically longer in d u ­
ration and have increased intensity and
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higher fundam enta l  frequency. In o rder  to 
accomplish  the contrast  between a weak- 
strong sequence  (WS, second-syl lable  
stress) and  a s trong-weak sequence  (SW, 
first-syllable stress) in the stimuli used in 
exper iment  1, we m an ipu la ted  the shape  of  
the fundam enta l  f requency con tou r  and 
am pl i tude  o f  voicing. In the SW stimuli, 
fundam enta l  f requency reached its highest 
peak early in the first syllable, and  was rela­
tively low th roughou t  the second syllable. 
By com par ison ,  fundam enta l  f requency of  
the WS stimuli was som ew hat  lower 
th roughout  the first syllable, but had its 
highest peak at the start o f  the second syl­
lable. A n u m b er  o f  researchers  have d e m o n ­
strated that  fundam enta l  f requency is in 
fact a cue to voicing [Haggard et al., 1970, 
M assaro  and C ohen ,  1976]. For example,  
Haggard  et al. [1970] found that  a high fall­
ing fundam en ta l  f requency p roduced  more 
voiceless responses to a target am biguous  
between / p /  and  / b /  com pared  to the same 
st imulus with a low rising fundam en ta l  fre­
quency contour.  Similarly, Massaro  and  
C ohen  [1976] found  that  a falling fu n d a ­
mental  f requency con tou r  p roduced  more 
voiceless responses than  a rising fu n d a m e n ­
tal f requency con tour  in a s t imulus con t in ­
uum  ranging from / z i /  to / s i / .  Massaro  
and  C ohen  [1976] further  dem ons t ra ted  that  
the value o f  the fundam enta l  f requency at 
syllable onset  is the effective cue, not the 
fundam en ta l  f requency con tou r  per  se.
Thus,  a shift in identif ication responses 
such that  more / d /  (word) responses are 
ob ta ined  for the d iG R E S S - t iG R E S S  series 
co m p ared  to the TIgress-DIgress  series 
could potential ly be expla ined  by an aco us ­
tic bias due  to fundam enta l  frequency. In 
the first experiment ,  we a t tem pted  to co n ­
trol for this acoustically based explanat ion
o f  an ob ta ined  shift in identif icat ion func­
tions by including an addi t ional  condit ion.  
Specifically, we presented listeners with just  
the initial syllable o f  each token in the SW 
and  WS series. In this way, lexical in fo rm a­
tion is no longer available and  any effect 
found  on identif ication responses in the 
one-syllable series may be a t t r ibuted  to 
fundam enta l  f requency as a cue to voicing. 
If, for example,  the WS dig-tig p roduced  
more / d /  responses than the SW D IG -T IG  
series, then this would suggest a role of  
fundam enta l  f requency independen t  from 
lexical status. Alternatively, if com parab le  
identif ication functions for the WS dig-tig 
and  the SW D IG -T IG  series are found,  then 
any identif ication function shift in the two- 
syllable series is a t t r ibutable  to a true lexi­
cal effect.
Experiment 1
Materials
Eight tokens  o f  each o f  the words  Tigress and  
(JiGRESS (stress indica ted  by capi ta l izat ion)  were 
synthesized using the Klatt  [1980] sof tware syn the ­
sizer at the Labora tory  o f  Exper imenta l  Psychology 
at Sussex Universi ty.  The i tems with first-syllable 
stress will be referred to as the SW items and  the 
i tems with second-syl lable  stress will be referred to 
as the WS items. A 10-kHz sampl ing  rate was used 
(the rate used in all exper iments  to be reported) ,  
and  the synthesized i tems were mode led  on natural  
p roduc t ions  by a nat ive speake r  o f  British English.  
The base words  Tigress and  diG R E SS  were 670 ms 
long. The  tokens  a long  the SW and  WS con t inua  
di ffered (apar t  from dif ferences  in voicing) only in 
their  stress pat terns ,  m a n ip u la t ed  by varying fu n ­
dam en ta l  f requency  and  am p l i tu d e  o f  voicing p a ­
rameters .  Fo rm an t  centers  and  o ther  paramete rs  
were changed  in a l inear  fashion between the inflec­
t ion points  shown in table I.
Voicing was m an ip u la t ed  by varying a complex  
acoust ic  p a ram e te r  o f  the natural  vo iced /vo ice less  
d imens ion ,  voice onset  t ime (VOT),  by 5-ms incre­
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Table I. Parameters  o f  st imuli :  exper iment  I
Time since Acoust ic  p a ra m e te r  
start  o f  word  "
ms SW Tigress  W S d i G R E S S
AV AF AH Fq F, f 2 f 3 AV AF AH Fo F| F t f 3
0 0 0 0 146 380 1,700 3,000 0 0 0 138 380 1,700 3,000
15 50 52 150 54 52 138
30 62 60 138
50 57 580 57 123 580
65 1,200 1,850 1,200 1,850
90 680 680
155 60 59 118
165 130
170 55 135 2,000 2,200 55 2,000 2,200
185 2,100 110 2,100
195 35 1,900 30 1,900
200 0 32 380 1,170 0 32 380 1,170
205 0 0
250 0 135 1,170 0 110 1,170
255 54 380 1,400 2,200 54 140 380 1,400 2,200
260 400 400
275 0 50 1 12 400 0 50 400
280 53 0 0 55 0 0
295 60 0 1,200 62 0 1,200
305 58 1,800 58 1,800
315 1,200 1,800 1,200 1,800
325 138
340 5 108 5
380 600 600
405 56 58
420 550 1,720 2,200 550 1,720 2,200
440 0 0
445 30 35 1 10 30 35
450 0 108 0
620 32 32
670 0 0 0 108 550 1,720 2,200 0 0 0 108 550 1,720 2,200
The  changes  in AV indica ted as occur r ing  at 15 and  30 ms actual ly occur red  immedia te ly  af ter  the end of  
the initial segment  that  was rep laced  with the natural  / { /  sound .  In add i t ion  to the pa ramete r s  show n  in the 
table,  52 dB o f  A6 were a d d e d  from 445 ms to the end  to create the / s /  sound ,  and  4 5 -5 3  dB o f  A 2 - A 5  were 
a d d e d  from 255 to 275 ms to create  the media l  / g /  aspi ra t ion .
ments  from 15 to 50 ms. The  synthes ized words  in­
c luded  an initial acoust ic  segment  15-50 ms long. A 
waveform edi tor  was used to replace the acoust ic  
segment  with an equal  length o f  a digi t ized token of  
the t-burst  and  aspi ra t ion  from the natural  p r o d u c ­
tion o f  ‘t igress’, reduced  50°/o in am pl i tude .  The 
natural  and  synthesized segments  were jo in ed  at 
zero crossings.  Immedia te ly  after  the end  o f  the in­
itial segment ,  am pl i tude  o f  voicing increased 
abrup t ly  from 0 to 54 dB, and  then increased over
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Fig. 1. Percent  voiced ( / d / )  re­
sponses  as a funct ion o f  s t imulus  
VOT (ms) for the two-syl lable 
word stimuli .  Exper im en t  1: di- 
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the next  20 ms to 62 dB (for SW stimuli)  or  60 dB 
(for the WS stimuli).  The  16 i tems created  in this 
m a n n e r  will be referred to as the WS and  SW two- 
syllable word  st imuli .
Each o f  the 16 i tems was then tu rned  into a n o n ­
word  by delet ing the last 370 ms o f  each item. This 
resul ted in two con t in u a  (the SW -TIG  and  WS-dig 
con t inua)  o f  single-syllable n o n w o rd s  tig-dig, one 
con t in u u m  having the a m p l i tu d e  o f  voicing and  
fundam en ta l  f requency  character is t ics  o f  the first 
syllable o f  a SW item, and  one  co n t in u u m  having 
the character is t ics  o f  the first syllable o f  a WS word.  
The 16 i tems crea ted  in this fashion will be referred 
to as the WS and  SW one-syl lable  n o n w o rd  stimuli .  
An add i t iona l  two series o f  st imuli ,  t iger-diger  and  
t iver-diver,  were cons t ruc ted  and  used in the expe r i ­
ment ,  but  will not  be d iscussed further.
Subjects and Procedure
Twelve m em bers  o f  the Sussex Universi ty c o m ­
muni ty,  all speakers  o f  British English,  were tested.  
They hea rd  one  pract ice block o f  36 trials fol lowed 
by 12 blocks o f  32 trials each.  On the pract ice block,  
they heard  the six most  ex t reme tokens  o f  each of  
the six con t inua ,  in r andom ized  order .  On each fol­
lowing block,  they heard  four  instances  o f  each item 
from a single con t inuum .  The first two o f  these 
blocks a lways presented  the SW-dig  and  the WS-tig 
cont inua ,  co u n te rb a l a n c e d  in o rd e r  across subjects.  
The o ther  four  con t inua  were then presented,  in a 
c o u n te rb a lanced  order ,  in the next four  blocks.  All 
six con t inua  were presented  again,  each in its own 
block o f  trials, in the second  ha l f  o f  the exper iment .
Subjects  heard  the st imuli  over  h e a d p h o n e s  in a 
s o u n d - d a m p e d  chamber .  A D E C  VAX 780 c o m p u t ­
er p resented  the st imuli  at a comfor tab le  l istening 
level, a n d  cont ro l led  the t iming o f  the exper iment .  
Subjects  were inst ructed to indicate  whe the r  each 
item began with a / t /  or  a / d /  by pressing the a p ­
propr ia te  key on a s t and a rd  terminal  keyboard .  
They were told to respond  quickly and  intuitively.  A 
token was presented  1-2 s af ter  the response  to the 
previous s t imulus  was made.
Results an d  Discussion
The percentages of  kcT responses are 
plotted in figure 1 for the two-syllable word 
stimuli and  in figure 2 for the one-syllable 
nonw ord  stimuli. As can be clearly seen in 
figure 1, the identif ication function for the 
WS stimuli shows more ‘d ’ responses than 
for the SW stimuli. Subjects more fre­
quently m ade  ‘d ’ responses to the stimuli 
with second-syllable stress, thus forming a 
real word (d iGRESS),  than with first-syl­
lable stress. No such d isp lacement  was a p ­
parent  for one-syllable nonwords ,  as shown 
in figure 2 .
To quantify  the observed shift in identif i­
cation responses,  the VOT that corre­
spo nd ed  to the point  where the percentage 
of  kd'  responses equalled 50°/o was deter-
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Fig. 2. Percent  voiced ( / d / )  re­
sponses  as a funct ion  o f  s t imulus  
VOT (ms) for the one-syl lable  non- 
w ord  st imuli .  Expe r im en t  1: d i g /  
T IG .
VOT. ms
Table  II. VOT values o f  the ident i f icat ion 
func t ion m idpo in t s :  expe r im en t  1
Stress C o n t in u a
words n o n w o rd s
(Tigress,  d iG R E S S ) (SW T IG ,  WS dig)
SW 33.04 29.79
WS 34.76 30.03
mined for each subject 's  identif icat ion func­
tion. A straight line was fitted to the m id ­
range of  each function from the last point  
on the function that  was greater  than  or 
equal  to 85°/o ‘d ’ responses to the first point  
that  was less than  or equal to 15°/o ‘d'  re­
sponses.  The value o f  VOT at which this 
straight line function would  result in 50°/o 
kd ’ responses was determined.
The means of  these m idpo in t  values a p ­
pear  in table II. An analysis o f  variance in­
dicated a significant effect (0.98 ms) of  
stress pat tern [F(l , l  1) =  7.6, p < 0 .0 2 ]  and  a 
significant effect (3.99) o f  one vs. two syl­
lables [F( 1,11) =  17.0, p <  0 .0 1 ]. Subjects 
were more biased to report  ‘d ’ for the WS 
than  for the SW stimuli,  and  for the two-syl­
lable than  for the one-syllable stimuli. Al­
though  the interact ion between n u m b er  of  
syllables and  stress pat tern  was nonsignif i ­
cant  [F( 1,11) =  2.79, p >  0.10], the effect of  
stress was significant only for the two-syl- 
lable words [1.72 ms, F ( l , l  1) =  6.9, p <0.03] 
and  not for the one-syllable nonw ords  [0.24 
ms, F( 1,11) <  1 ].
It appears  that  fundam en ta l  f requency 
as an acoust ic  cue to voicing canno t  a lone 
accoun t  for the shift in the two-syllable 
series. It should  be poin ted  out  that  while 
the da ta  from the one-syllable no nw ord  
series a p p e a r  on the surface to be at odds  
with the results o f  Massaro  and  C ohen  
[1976], it may be the case that  the difference 
in fundam enta l  f requency at syllable onset 
in our  SW dig-tig and  WS dig-tig stimuli 
may not have been extreme enough  (a dif­
ference never greater  than  12 Hz in the re­
gion that  contains the consonan t  voicing in­
formation)  to p roduce  effects on perceived 
voicing. In the stimuli o f  M assaro  and 
C o h en  [1976], a difference o f  30 Hz in s tar t­
ing value of  fundam enta l  f requency at the 
onset  o f  voicing p roduced  effects on iden t ­
ification.
Stress and  Phonet ic  Categor iza t ion 139
On the basis o f  exper iment  1, we ten ta ­
tively conclude  that  lexical stress in fo rm a­
tion can be used as a source o f  informat ion  
to establish lexical status and  can be used 
to influence identif ication o f  speech.  The 
one-syllable control  inc luded in exper i ­
ment 1 appears  to rule out  a s imple acoustic  
cue-based explana t ion  of  the ob ta ined  shift 
in identif icat ion responses in the two-syl- 
able series. However,  the data  do not u n ­
ambiguously  suppor t  this conclusion.  Al­
though simple effects tests revealed a signif­
icant effect only in the two-syllable series, 
the lack o f  a statistically significant in terac­
tion between one and  two syllables in the 
two-way A N O V A  is problematic .  O ur  d e ­
sign, in which a given subject  served in both 
one- and  two-syllable condit ions,  may have 
inadvertently in t roduced  addi t ional  error 
variability.
In addi t ion ,  an al ternative explanat ion ,  
perceived stress effects that  are unm edia ted  
by lexical effects, could account  for the 
data. One version o f  a perceived stress ef­
fect is an effect due to perceived rate of  
speech. As previously ment ioned ,  the c o n ­
trast between strong and  weak syllables is 
typically signalled acoustically by changes 
in fundam enta l  f requency as well as in d u ­
ration. In o rder  to mainta in  durat ional  
equivalence across the SW and WS series, 
we did not m an ipu la te  the dura t ion  p a ra m ­
eter as a cue. While the SW and  WS series 
had the same objective first-syllable length, 
they may have differed in subjective length. 
The strong syllable in each series was in 
fact shorter  than otherwise would be ex­
pected given that o ther  cues ( fundamenta l  
f requency and  ampli tude)  were designed to 
signal a strong syllable. It is possible that 
subjects may have expected the strong syl­
lable o f  the SW series to be longer than it
actually was and as a consequence  per­
ceived it as shorter,  or as having been p ro ­
duced  with a faster rate o f  speech. A n u m ­
ber o f  researchers have dem ons t ra ted  that 
the actual or perceived rate at which a syl­
lable is ut tered influences identif icat ion of  
voicing cont inua  such that  faster perceived 
ut terance rates result in more voiceless re­
sponses [Summerfield,  1981; cf. Miller, 
1981].
A perceived stress effect for our  stimuli 
would result in relatively more / d /  (word) 
responses in the WS d iG R E S S - t iG R E S S  
series com pared  with the SW Dlgress- 
Tlgress series. Effects of  perceived stress 
and  lexical effects both account  for the 
identif ication response shift ob ta ined  in the 
two-syllable series in experiment  1. In order  
to discriminate  between these explanat ions ,  
a second experiment  was conduc ted  that in­
c luded a condit ion in which stress in fo rm a­
tion was main ta ined  but had no relevance 
to lexical status. If both factors are in o p e r ­
ation in our  lexical condit ion then we ex­
pect that the combina t ion  o f  lexical infor­
mation and perceived stress will p roduce  a 
larger effect on responses than in cond i ­
tions where only perceived stress effects o p ­
erate.
Experiment 2
Method
Eight tokens  o f  the words  Tigress  and  d iG R E S S ,  
varying a long the VOT co n t in u u m ,  were created just  
as in exper im en t  1, except  that  ( I )  the AH p a r a m e ­
ter o f  the Klatt  synthes izer  shown in table I was set 
to 0 th rou g h o u t  the length o f  the st imuli ,  (2) very 
minor  ad jus tmen ts  o f  no more  than  2 dB were made  
in the AV parameter ,  and  (3) the final rise to 138 Hz 
in the F() p a ram e te r  o f  the WS d i G R E S S  stimuli  was 
e l iminated .  Each o f  these 16 words  was then turned 
into a n o n w o rd  by delet ing the last 255 ms (the en-
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tire length o f  the / s / )  using a waveform editor .  The 
result ing n o n w o rd s  s o u n d e d  like tigre a n d  digre and  
were not  ident i f iable  as real words.
Two tapes,  one  o f  the SW Tigress  a n d  WS 
d i G R E S S  words  and  one  o f  the SW TIgre  and  WS 
d i G R E  n o nw ords ,  were recorded.  Each tape  in­
c luded  20 instances  o f  each o f  the 16 st imuli ,  in r a n ­
d o m  order .  Two pract ice tapes  were also recorded ,  
one  con ta in ing  two tokens  o f  each o f  the endpo in t s  
o f  the word  con t in u a  and  one con ta in ing  the co r re ­
s p o n d in g  tokens  from the n o n w o rd  cont inua .
Twenty-n ine  u n d e rg ra d u a te s  at the Universi ty o f  
M assachuse t t s  were tested,  15 on the word  tape  (SW 
T l g r e s s - W S  d i G R E S S )  and  14 on  the n o n w o rd  tape  
(SW T i g r e - W S  d iG R E ) .  One  subject  in the fo rmer  
g roup  who did not label the st imuli  consis tent ly  was 
d iscarded .  Each subject  was tested individual ly  in a 
single 45-min session.  The session began  with the 
subject  hear ing  the a p p ro p r i a t e  pract ice  tape over 
h e a d p h o n e s  at a comfor tab le  l istening level and  
classifying each item as beg inn ing  with a / { /  or  with 
a / d /  by pressing one  o f  two bu t tons  with the index 
finger o f  the right hand .  The  tape  recorder  was c o n ­
trol led by a m ic ro c o m p u te r  which also recorded  re­
sponses  and  react ion times. At the end  o f  the p ra c ­
tice list, each subject  was asked to say what  i tems he 
or  she had  heard  and  to indicate  whe the r  each item 
was a real word  or  not.  All subjects  ident if ied the 
SW Tigress  and  WS d i G R E S S  en d p o in t  st imuli  as 
real words  and  the SW Tigre  or  WS d i G R E  e n d ­
point  st imuli  as nonwords .  Fur ther ,  each subject
classified most  or  all o f  the e n d p o in t  st imuli  on the 
pract ice tape  correctly.
After  pract ice,  the subject  hea rd  the a p p ro p r i a t e  
exper imen ta l  tape  and  classified each item just  as in 
practice.  Subjects  were ins t ructed to r e spond  as 
quickly as they found  comfor tab le .  They  were told 
to base their  responses  on their  intui t ive react ions  to 
the initial segment  o f  the i tems, not  to reflect u p o n  
wha t  they had  heard .  No  special  em phas i s  was 
given to the word  vs. n o n w o rd  na tu re  o f  the st imuli .  
Subjects  were s imply told that  they would  hear  
some co m p u te r -gene ra t ed  words  a n d  n o n w o r d s  and  
shou ld  a t tend  to the initial sound .
Results an d  Discussion
The mean percentages o f  kd'  responses 
a p p e a r  in figure 3 for the real word stimuli 
and  in figure 4 for the nonw ord  stimuli. The 
curves for the WS stimuli are clearly dis­
placed toward  the / t /  endp o in t  of  the scale 
relative to the SW stimuli, indicat ing that  
subjects more frequently m ade  ‘d ’ re­
sponses to the stimuli with second-syl lable  
stress than to stimuli with first-syllable 
stress.
The midpoints  o f  the identif ication func­
tions were de termined  as in exper iment  1 
and  ap p ea r  in table III.  An analysis o f  vari­
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Fig. 4. Percent  voice ( / d / )  re­
sponses  as a funct ion o f  s t imulus  
VOT (ms) for the n o n w o rd  st imuli .  
Exper iment  2: d i G R E / T I g r e .
VOT. ms
ance indicated a significant effect o f  stress 
pattern [2.85 ms, F( 1,26) =  63.37, p <  0.001] 
and a significant interact ion between stress 
pattern and w o r d /n o n w o r d  con t inuum  
[F( 1,26) =  5.04, p<0 .04] .  The difference be­
tween SW and WS was significant by a 
t test for both the word condit ion  (3.65 ms) 
and the nonw ord  (2.05) condi t ion (p<0 .01] .  
The (between-groups)  effect o f  word vs. 
nonword  was nonsignif icant  [F( 1,26) =
1.91, p <  0.101-
Subjects were more willing to produce  
/ d /  identif icat ions for WS stimuli than for 
SW stimuli,  in that  they persisted in repor t ­
ing WS stimuli as beginning with a / d /  at 
longer VOT values. The presence of  a shift 
in identif icat ion functions in the nonw ord  
condit ion  indicates that a simple perceptual  
ad jus tment  effect is influencing responses 
in both the word and  nonw ord  SW and  WS 
stimuli. Important ly ,  however,  the identif i­
cat ion function shift was 1.6 ms greater  in 
the word condi t ion com pared  with the n o n ­
word condit ion.  That  is, effects on identif i­
cat ion responses were larger when a / d /  re­
sponse  made the WS stimuli result in a real
Table  III. VOT values o f  the ident i f icat ion 
funct ion m idpo in t s :  expe r im en t  2
Stress C o n t in u a
words
(Tigress,  d iG R E S S )
n o n w o rd s  
(Tigre.  d i G R E )
SW
WS
27.76
31.41
27.28
29.33
word than when only nonw ords  were in­
volved. This pattern of  da ta  suggests that 
two factors were involved in the word co n ­
di t ion:  the lexical effect and  possibly a per­
ceived stress effect.
Experiment 3
We have argued that  lexical stress influ­
ences identif ication responses over and 
above perceived stress effects. An a l te rna­
tive way in which to test this hypothesis  is 
to conduct  an exper iment  in which lexical 
status is established in stimuli in which lexi­
cal effects are in opposi t ion  to effects of
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Table  IV. Parameters  o f  s t imuli :  expe r im en t  3
Time since 
start  o f  word 
ms
SW briefer WS prefer
AV AF Fo F, f 2Am f 3 AV A F Fo F| F-»Sm f 3
0 0 62 149 350 1,050 1,400 0 62 138 350 1,050 1,400
15 54 0 54 0
25 62 59 138
50 123
115 1,800 2,600 1,800 2,600
140 60 54
160 118
170 130 110
185 1,800 1,800
200 35 0 360 35 0 360
205 0 56 1,200 2,080 0 56 1,200 2,080
225 1,100 1,100
235 2,080 2,080
240 60 60 110
250 140
260 130
275 0
280 53 60 112 1,270 1,540 54 60 1,270 1,540
285 0 0
300 0 62
325 470 1,270 1,270
360 108
400 56
450 0 110
490 108 420 1,310 1,540 50 108 420 1,310 1,540
perceived stress. In our  third experiment ,  a 
pair  o f  words that  differed in the voicing 
value o f  the initial s top consonan t  and  in 
stress pat tern was selected (B R IE F er  and 
preFER).  This pair  o f  stimuli differed from 
the d iG R E S S /T Ig re s s  pair  used in exper i ­
ments 1 and  2 in that  the real word m em ber  
of  the pair  with initial syllable stress began 
with a voiced consonan t  ( / b / ) .  Thus,  lexical 
status information,  a tendency  for word or 
voiced responses in a SW environment ,  c o n ­
flicts with perceived stress effects, a ten ­
dency for voiceless responses in a SW envi­
ronment .  If the com bined  effects o f  per­
ceived stress and  lexical in format ion  ac­
count  for the pat tern  o f  da ta  found  in ex­
periment  2 , then un de r  condi t ions  when 
these two sources o f  informat ion  conflict  
the net effect on identif icat ion responses 
will be reduced.
M ethod
Materials. In add i t ion  to the eight  tokens  o f  the 
SW Tigress  series and  the WS d i G R E S S  series used 
in expe r im en t  1, eight tokens  o f  the SW word  
B R I E F e r  and  eight  o f  the WS word  p r e F E R  were 
synthesized using the Klatt  sof tware  fo rm an t  syn­
thesizer  at N or theas te rn  Universi ty.  The  synthes iz ­
ing p rocedures  used were the same as were used for
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Fig. 5. Percent  voiced ( / d / )  re­
sponses  as a funct ion o f  s t imulus  
VOT (ms) for the d i G R E S S / T I -  
gress stimuli .  Exper im en t  3: di- 
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[he st imuli  o f  expe r im en t  1. The  inflect ion points  o f  
the synthesis  pa ram ete r s  a p p e a r  in table IV, which 
illustrates the st imuli  with 15-ms VOT. As in exper i ­
ment  1, tokens  were m ad e  at 5-ms intervals f rom 15- 
to 50-ms VOT to create a c o n t in u u m  whose  initial 
segments  var ied from a clear  / b /  to a clear  / p / .  
Two tapes  were recorded  con ta in ing  ten r an d o m ly  
o rdered  occur rences  o f  each o f  the 32 tokens.  In a d ­
dit ion,  a pretest  tape  was recorded  that  con ta ined  
four  occur rences  o f  each o f  the 32 tokens.  Each 
s t imulus was p receded  by 400 ms by a brief,  soft 
warning tone,  and  there  were 2,000 ms between  
stimuli.
Subjects and Procedure. Seventeen u n d e r g r a d u ­
ates and  g rad u a te  s tudents  at the Universi ty o f  M a s ­
sachuset ts  were pretes ted  using the p rocedures  in 
exper imen t  2 except  that  they were told to press one  
bu t ton  for e i ther  4d ’ or  ‘b ’ and  the o ther  bu t ton  for 
ei ther  ‘t ’ or  ‘p ’. Five subjects  were rejected because  
they fai led to show regular  ident i f icat ion funct ions  
(e.g. they fai led to consis tent ly ident ify the e n d ­
points  o f  a con t inuum) .  H a l f  o f  the remain ing  12 
subjects  were tested on each o f  the two exper i ­
mental  tapes ,  again using the p rocedures  o f  exper i ­
ment  1.
Results
The mean percentages o f  voiced re­
sponses [kd ’ or ‘b ’) a p p e a r  in figure 5 for the 
T Ig re s s -d iG R E S S  stimuli and  in figure 6 
for the B R IE F e r - p r e F E R  stimuli. The 50°/o
points o f  the functions for the individual 
subjects were es t imated as in exper iment  1 . 
The means  o f  these m idpoin t  values a p p e a r  
in table V, separa ted  by the contrast  be­
tween / t / - / d /  and  / b / - / p /  stimuli and  the 
contrast  between SW and  WS stimuli. An 
analysis o f  variance with these factors ind i­
cated a significant interaction between the 
two factors [F( 1,11) =  34.64, p <  0 .01] to ­
gether with significantly longer VOT for the 
/ t / - / d /  than  the / b / - / p /  stimuli (31.91 vs. 
27.65, respectively) [F( 1,11) =  7.98, p < 0 .0 2 ]  
and  a nearly significant effect o f  SW vs. WS 
(29.06 vs. 30.5 ms, respectively) [F( 1,11) =  
4.32, p<0 .06 ] .  A separate  analysis c o n ­
ducted  on the / t / - / d /  stimuli indicated 
that  a significantly longer VOT was re­
quired for the WS than  for the SW stimuli 
[3.53 ms, F( 1,11) =  16.53, p <  0.01 ]. A c o m ­
parable  analysis for the / b / - / p /  stimuli 
yielded an F < 1  (a difference o f  0.65 ms).
The stress m anipu la t ion  resulted in a sig­
nificant shift in identif icat ion functions for 
the t igress /digress  stimuli but  not for the 
b r ie fe r /p re fe r  stimuli. These da ta  replicate 
the original f inding in exper iment  1 and  ex­
per iment  2 and  are consistent  with the hy-
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Fig. 6. Percent  voiced ( / b / )  re­
sponses  as a funct ion o f  s t imulus  
VOT (ms) for the B R I E F e r /  
p re fE R  stimuli .  Exper im en t  3: 
B R I E F e r / p r e f E R .
Table  V. VOT values o f  the ident i f icat ion 
funct ion midpo in t s
Stress C o n t in u a
/ t / - / d / / b / - / p /
(Tigress,  d iG R E S S ) (p re F E R ,  B R IE F er )
SW 30.15 27.98
WS 33.68 27.33
pothesis  that  two sources o f  informat ion  
(perceived stress and lexical informat ion)  
affected responses in exper iment  2. In one 
case (exper iment  3), lexical information 
com bined  with perceived stress effects 
counterac ted  one ano the r  resulting in an 
overall null effect on identif icat ion re­
sponses.  U nder  condi t ions  when both kinds 
o f  informat ion  are in accord with one a n ­
other  (experiment  2 ), the overall effect was 
larger than  given one source of  informat ion 
alone (perceived stress).
General  Discussion
The experiments  presented  here d e m o n ­
strate that  lexical stress in format ion  is lexi­
cally present  and  can be used as an a d d i ­
tional source of  informat ion  in audi tory  
word recognit ion.  Further,  effects o f  lexical 
status are not simply due to acoust ic  biases 
ei ther o f  fundam enta l  f requency or o f  pe r ­
ceived stress. Exper iment  1 showed no sig­
nificant effect o f  a potential  fundam enta l  
f requency-based bias. Exper iment  2 d e m o n ­
strated that  the com bined  effects of  the p o t ­
ential perceived stress factor (unm edia ted  
by lexical stress) and  lexical status are 
larger than effects of  perceived stress alone. 
Exper iment  3 showed that  un de r  condit ions  
in which perceived stress and  lexical status 
conflict,  nei ther  effect proves to prevail 
over the other.
Clearly,  these experiments  suppor t  the 
involvement of  lexical stress in audi tory
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word recognit ion.  What remains at issue is 
the process that  is inf luenced by lexical 
stress information.  A n u m b er  o f  m e ch a ­
nisms are possible to account  for the effect 
of lexical stress on identif icat ion o f  speech. 
One possibility is that  lexical stress infor­
mation is used very early in speech percep- 
ion to directly influence perceptual  p ro ­
cessing. In this character izat ion o f  lexical 
stress influences,  act ivation o f  a lexical en- 
ry and presumably  its canonical  stress p a t ­
tern is used to feed back to developing seg­
mental hypotheses.  The addi t ional  evidence 
supplied by the lexical level for word-initial  
imbiguous acoust ic  informat ion  (in the cat­
egory bo u n d a ry  region) is used interactively 
o contr ibute  to processes at a perceptual  
evel o f  processing. C o n n in e  and  Clif ton 
1987] have argued for an interactive ac ­
count o f  lexical status effects on speech per ­
ception [Connine,  1987]. It was suggested 
that perceptual  processes are directly influ­
enced by prestored information.
This hypothesis  contrasts  with the dem- 
mstrat ion by Cut le r  [1986] described in the 
n t roduct ion that  stress informat ion  is not 
lsed prelexically. Cut ler  further  argues that 
here is little p remium in com put ing  lexical 
stress prelexically,  for two reasons. First, 
segmentally identical but suprasegmental ly  
distinct pairs are rare in language and  seg- 
nental  informat ion  will nearly always be a 
sufficient de te rm inan t  o f  a w o rd ’s identity. 
Second, com puta t ion  o f  lexical stress in the 
recognition of  con t inuous  speech may be 
costly, in that a w o rd ’s stress pat tern cannot  
be de termined  without  knowing where the 
word begins and  ends, and  location of  word 
boundar ies  in con t inuous  speech is diffi­
cult. The notion that lexical stress does not 
contr ibute to the com puta t ion  of  the prelex- 
ical access code implies that lexical stress is
used after segmental  hypotheses  have been 
established.  Given perceptual ly  am biguous  
information,  lexical stress informat ion can 
be used to resolve the ambiguity in favor of  
a word.
The data  presented here do not crucially 
dist inguish between these two classes of  
mechanisms as explana t ions  for the role of  
lexical stress in phonet ic  categorization.  
Further  research is needed  to determine  the 
precise mechanism underlying effects o f  
linguistic knowledge on perceptual  p ro ­
cesses. Such data  will provide further  in­
sight into the basic archi tecture  and  o rgan i ­
zation of  language processing. However,  
the present  results do allow the firm conc lu ­
sion that stress information must be repre­
sented in lexical memory.  It is not possible 
to explain the results without  the a s su m p ­
tion that  lexical stress information is d i ­
rectly relevant to the es tabl ishment  o f  lexi­
cal status in perception.
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